We report observations made with the SIMBA bolometer at SEST to measure the 1.2-mm continuum emission towards the Keyhole nebula. We have detected 1.2-mm emission towards the ionized gas filaments of the Car II radio source that is attributed to thermal free-free emission. Several compact 1.2-mm emission sources have also been identified and found to correspond to brightrimmed molecular globules. Under the assumption that for these sources the 1.2-mm emission corresponds to dust, we find mass estimates in the range 3 to 1 For part of this work affiliated with Departamento de Astronomía, Universidad de Chile, Casilla 36-D, Santiago, Chile -2 -19 M , which are consistent with previous molecular-line measurements. The data also yield new 1.2-mm flux measurements at two different epochs during the cyclic brightness variation of Eta Carinae. No emission was detected towards the trademark dark keyhole of the nebula, consistent with it being cool molecular gas situated at the outskirts of the H II region.
Introduction
The fast stellar winds and strong ionizing radiation from a cluster of young massive stars have a profound impact on the giant molecular cloud (GMC) from which they form. Ultimately, the massive stars will ionize the gas and destroy the GMC, but not before drastically changing its internal structure and chemistry and possibly triggering further star formation. The Keyhole Nebula is a prime target to study such fierce processes in action.
The Keyhole nebula is part of the Carina nebula (NGC 3372) , an H II region/GMC complex at a distance of ≈2.2 kpc (e.g., Allen & Hillier 1993) . The Carina GMC extends over 130 pc with a total mass in excess of 5 × 10 5 M (e.g., Brooks et al. 1998 ) and appears to have been swept up by a young bipolar superbubble that is beginning to break out of the Galactic plane (Smith et al. 2000) . The spectacular appearance of the Keyhole nebula at optical wavelengths has made it the most famous part of the Carina nebula. Located near the center of the Carina nebula, it is exposed to the harsh radiation fields and stellar winds from the nearby massive stellar members of Trumpler 16 (Tr 16) and the one of the most massive stars known -Eta Carinae (η Car). Associated with the Keyhole nebula are bright optical emission filaments and obscuring dust, which have conspired to form the shape of an old-fashioned keyhole (and hence the name "Keyhole nebula"). The optical emission filaments of the Keyhole nebula are associated with strong radio continuum emission that was first detected by Gardner & Morimoto (1968) and named Car II. The reflected spectrum of η Car is seen throughout Car II, establishing that the two are indeed at the same distance (Walborn & Liller 1977; López & Meaburn 1986) .
In this paper we report observations made with the SIMBA bolometer at the SEST to measure the 1.2-mm continuum emission associated with the Keyhole nebula. This work is part of a larger 1.2-mm continuum survey of the entire Carina nebula to identify sites for the next generation of star formation.
Observations
Observations were made using the SIMBA bolometer installed on the SEST at the European Southern Observatory, La Silla, Chile. SIMBA is a 37-channel hexagonal array operating at a wavelength of 1.2 mm (250 GHz). At this wavelength, the half-power beamwidth of the SEST telescope is 24 . Each array element has a bandwidth of approximately 90 GHz and a separation on the sky of 44 . Data were obtained over two periods, 2001 November 2 − 4 and 2002 November 11 − 12, and without using a nutating subreflector. The average measured opacities were 0.26 and 0.17 during the 2001 and 2002 observing periods, respectively. A fast-mapping mode was used, with a scanning speed of 80 s −1 and scan separation of 8 in elevation (Reichertz et al. 2001) . Each individual map covered an area of 600 × 600 in azimuth and elevation and took 12 min to complete. A series of 4 repeated maps were obtained towards 3 different pointing centers. The final image is the result of 12 co-added maps, equivalent to 144 min on-source observing time.
Data were edited and calibrated using the software package MOPSIC according to standard procedures described by Chini et al. (2003) . A de-spiking value was set to < −5 rms with zero or first-order baselines. The pixel size in the final image was set to 8 . Through an iterative process (set to 6 iterations), a preliminary image was used as a source model to improve the removal of correlated noise. Flux calibration of the data was achieved through daily observations of Uranus. The resulting multiplication factors were 0.14 Jy count Table 1 lists those sources with a 5σ or better signal-to-noise ratio. We have adopted the naming scheme used by Smith et al. (2003a) . In Fig 2 the detected 1 .2-mm emission is compared to the Hα emission towards the Keyhole nebula taken from Smith (2002) . Prominent in the Hα image are emission from a ring structure, which forms the Car II radio continuum source (Smith 2002; Brooks et al. 2001; Whiteoak 1994) , and obscuring dust in the shape of a keyhole (hereafter referred to as the dark keyhole structure). The saturated Hα emission from η Car is easily identifiable. So too are numerous dark globules with bright rims. The detected 1.2-mm emission may be separated into three types: a very bright unresolved source associated with η Car; three elongated filaments matching the Car II emission ring; and numerous compact sources centered on the bright-rimmed globules. All of these will be discussed separately in the next section. No 1.2-mm emission was detected from the dark keyhole structure.
Mass Estimates
There are three different emission mechanisms that can contribute to the 1.2-mm (250 GHz) continuum emission: free-free emission from ionized gas, thermal emission from dust and 12 CO(2-1) line emission at 230 GHz. The frequency width of the 12 CO(2-1) line (≈ 0.01 GHz) is small compared to the bandwidth of the SIMBA observations (90 GHz). We estimate that the 12 CO(2-1) line emission should contribute at most 1 percent to the total SIMBA flux density for clouds with dust temperatures of 30 K and dust opacities at 250 GHz of 0.01.
Assuming that the 1.2-mm emission is optically thin and caused mainly be thermal dust emission, then the total cloud mass can be computed using the expression (e.g., Chini et al. 1987) ,
where S 1.2 is the flux density measured at 1.2 mm, D is the distance, R dg is the dustto-gas ratio (taken to be 0.01), κ 1.2 is the dust mass absorption coefficient and T d is the dust temperature in K. Overall the mass estimate can deviate from the real value by up to a factor of 10. This deviation is largely caused by the uncertainty of κ 1.2 , which is linked to grain chemistry and morphology.
Discussion

Eta Carinae
The strongest source detected in the SIMBA 1.2-mm data is associated with η Car. The source is unresolved by the SIMBA beam and the star-like beam pattern of the SEST telescope is apparent at the level of ≈ 3 percent of the peak intensity. The flux density of η Car was taken from a 2-dimensional Gaussian fit. Two separate 1.2-mm flux density measurements for η Car were obtained: 36 ± 3 Jy using the 2001 November data and 29 ± 3 Jy using the 2002 November data.
It is well established that the flux density of η Car across a wide wavelength range undergoes a cyclic variation with a period of ≈ 5.5 years. Most notably is the disappearance of the infrared (IR) emission line He I 10830Å, which is referred to as a "spectroscopic event" (Damineli 1996) . This is accompanied (albeit with some lag) by an observed flux density minimum at centimeter and millimeter wavelengths. While the cyclic flux density variations are usually attributed to the presence of a hot close binary companion, the influence of the highly-unstable primary star is not yet understood (see Pittard and shows selected data taken over the period 1991 to 2004 (spanning two cycles). A model has been fit to the data that is comprised of contributions from thermal dust emission plus free-free emission coming from an ionized stellar wind component and an ionized circumstellar gas component.
For the shortest wavelengths, the 2 − 200 µm ISO spectrum, first presented by Morris et al. (1999) , is fit by three temperature components based on the model by Smith et al. (2003b) . In this model the 400 K component arises from hot dust close to the star. The 200 K and 140 K components are primarily attributed to dust in the polar lobes of the neutral Homunculus nebula. More specifically, the 200 K component arises from warm dust at the inside of the lobes whereas the 140 K component arises from cool dust in the outer walls. Since the bolometric luminosity does not change during a spectroscopic event, and because the dust is located far from the star, one would not expect the cool dust emission to vary much during the 5.5-yr cycle of η Car. However, the 10 − 20 µm variability has not been adequately studied.
The optically thin free-free radio emission that dominates at the longest wavelengths comes from ionized circumstellar gas condensations located within the Homunculus nebula and close to the star (Duncan & White 2003 , White 2004 . They are illuminated by variable amounts of ionizing UV radiation escaping from the putative central binary system during the 5.5-yr cycle. The most dramatic changes are seen in the high-excitation lines like He i and [Ne iii] that respond to the hardest UV radiation, while low excitation nebular lines show little variability (e.g., Gull et al. 2001) .
It is clear from Fig 3 that the contribution from the ionized stellar wind of η Car is largest at millimeter wavelengths. The lowest 1.2-mm and 7-mm flux densities recorded in 2003 by Abraham et al. (2005) were the only time millimeter flux densities were measured during a spectroscopic event. The value of the minimum 1.2-mm flux density is close to the expected contribution from cool dust in the Homunculus (140 K component) and the minimum 7-mm flux density is close to the expected contribution from the ionized circumstellar gas (extrapolated from the flux density minimum at 3 cm). This correspondence leads us to speculate that the millimeter emission from the ionized stellar wind of η Car completely shuts off during a spectroscopic event.
While there is little doubt that changes in the stellar wind of η Car dominate the flux density variability at millimeter wavelengths, it is not clear what the underlying physical process is that is regulating the changes. Cox (1997) and argue it is likely related to irregular mass-loss activity, regardless of the single or binary nature of the central star.
H II Region
The brightest emission from the H II region of the Keyhole nebula is associated with three well-defined radio-continuum components: Car II-E and Car II-W, both which form a linear or bar-like feature that extends over 5 arcmin in the northeast-southwest direction, and Car II-N which is in the shape of an arc. The 4.8-GHz flux densities of these three components are consistent with thermal free-free emission from ionization fronts originating from multiple early O-type stars in Tr 16 (Brooks et al. 2001) . It is not known what is responsible for the striking ring-shaped morphology. Smith (2002) pointed out that the present-day polar axis of η Car appears to be aligned with the center of the ring and the break between Car II-E and Car II-W. The author argues that the highly bipolar stellar wind of η Car could easily have supplied the required momentum to puncture and inflate the Car II emission ring.
The total flux density of the 1.2-mm emission associated with Car II is 13 ± 2 Jy. This is comparable with the 1.3-mm flux density measurement by of 14 ± 4 Jy. The close spatial correlation between the 1.2-mm emission and the 4.8-GHz continuum emission (see Fig 4) suggests that for these components the 1.2-mm emission arises from free-free emission associated with ionized gas and not, as is more often the case, cool dust emission associated with molecular gas. The lack of molecular-line emission towards the Car II components −1 with a HPBW of 8.6 × 6.6 , implying brightness temperatures of ≈70 K. Assuming that the ionized gas has an electron temperature of 6000 K (Brooks et al. 2001) , we estimate that the optical depth of the free-free emission at 4.8 GHz is ∼0.011. Since the optical depth and the brightness temperature in the optically thin regime both scale with frequency as ν −2.1 , we expect the ionized gas to have an optical depth of 2.7 × 10 −6 and a brightness of 1.6 × 10 −2 K at 250 GHz (1.2-mm). The observed peak brightness at 1.2-mm (SIMBA with a HPBW of 24 × 24 ) of the Car II components are typically 1.2 × 10 −2 K, in very good agreement with the expected value for thermal emission. We conclude that the 1.2-mm emission associated with the Car II radio components arises from thermal free-free emission.
Further confirmation of the nature of the 1.2-mm emission is found in the radio continuum spectrum for Car II shown in Fig 5. The data at 250 GHz (1.2-mm SIMBA) and 4.8 GHz (Brooks et al. 2001) were smoothed to match the beamsize of the 0.843 GHz data (43 x 50 , Whiteoak 1994). Measurements for the flux density were obtained by integrating the flux over the total Car II emission source (an area defined by the 5-σ contour of the smoothed SIMBA data). The results are well fitted by the theoretical spectrum of a homogeneous constant density H II region using the formulae presented by Mezger & Henderson (1967) .
Molecular Globules
Previous studies of the bright-rimmed dark globules apparent in the Hα image of Fig 2  have shown that they are molecular gas clumps with typical masses of order 10 M and with photo-dissociation regions (PDRs) on their surfaces (Smith et al. 2004b; Rathborne et al. 2002; Brooks et al. 2000; . These molecular globues have characteristic sizes of a few tenths of a parsec and are being externally evaporated by the strong UV radiation field in the Carina nebula. They are analogous to small Bok globules like Thackeray's globules in IC2944 (Thackeray 1950; Bok & Reilly 1947) , and are probably the last remnants of the original cloud core from which Tr 16 formed.
All of the eight compact 1.2-mm emission sources identified in our SIMBA data (and listed in Table 1 ) overlap with these bright-rimmed molecular globules. Clump 5 is a prominent globule in Hα emission but is lost at 1.2-mm amid the bright emission from Car II-N. The 1.2-mm sources are either unresolved or just resolved by the SIMBA beam with approximate diameters of 40 arcsec (0.4 pc). Col. (7) of Table 1 lists the name of the molecular globule that matches each 1.2-mm source and col. (8) lists the corresponding mass estimate obtained from previous studies. These mass estimates have all been obtained from 12 CO(2-1) data Rathborne et al. 2002) except for clump 6 which relied on absorption of the He I λ10830 line (Smith 2002) .
The overlap of the compact 1.2-mm sources with the molecular globules suggests that emission from dust is the predominant mechanism contributing to the 1.2-mm continuum emission. This is contrary to the case of the Car II emission ring where thermal free-free emission is the dominant mechanism and no molecular-line emission has been detected. Under this premise, we have used Eq. 1 to obtain mass estimates for each of the eight compact 1.2-mm emission clumps. Based on the work by Brooks et al. (2003) toward the PDR in the northern part of the Carina nebula, a value of T d = 45 K was adopted. We assume κ 1.2 =1 cm 2 g −1 , as computed by Ossenkopf & Henning (1994) for typical conditions of dense protostellar clouds. For those clumps that are displaced from the Car II emission ring (clumps 6, 8 and 7), no 4.8-GHz continuum emission was detected with a 3σ detection limit of 60 mJy. This translates to a maximum free-free flux contribution of 40 mJy at 1.2-mm for optically thin free-free emission and an additional mass uncertainty of ≈ 1 M . The resultant masses are listed in col. (6) of Table 1 . The values are in the range 3 − 19 M and are in good agreement with the other mass estimates listed in Table 1 . Clump 8 differs from the other clumps in that its mass estimate derived from molecular-line data (Rathborne et al. 2002) is an order of magnitude larger than the dust derived mass and the mass of the other clumps.
A rather perplexing detail in the comparison of the Hα and 1.2-mm emission shown in Fig 2 is that the centers of the 1.2-mm compact sources do not match the darkest parts of the globules very well. Instead they match the bright Hα emission from the photoionized/photoevaporative flows coming off the globule surfaces. The apparent spatial distribution of the dust emission at 1.2 mm will be dominated by the relatively warm dust right behind the ionization fronts on the surfaces of the globules. Nevertheless this does raise the concern that for some of the globules there may be a contribution to the 1.2-mm flux densities from free-free emission. However, the good agreement between the mass estimates from the 1.2-mm emission and molecular-line emission and the absence of radio continuum emission implies that this contribution is minimal. Molecular-line data at higher angular resolution towards the globules are needed in order to identify where the densest molecular gas is located for a detailed comparison.
Dark Keyhole Structure
The enigma of the dark keyhole structure dates back to 1830 and the first detailed drawings of the Keyhole nebula by Herschel, which show a keyhole shape that is somewhat different from today's picture. After much controversy about the reliability of Herschel's work it is now generally accepted that the variations of the keyhole shape are real and were associated with the large luminosity fading of η Car after its bright phase from around 1822 − 1856 (see Viotti 1995 for a historical review). Evident in Fig 2 is the way in which the dark keyhole filaments pass in between the Car II-E and Car II-W emission. This stark superposition is yet to be explained and perhaps points to some sort of shadowing effect. detected molecular-line emission towards the dark keyhole structure arising from three clumps (labeled clumps 1, 2 and 3 on their Fig 1.) . Their observed and derived properties are similar to those of the other molecular clumps in the Keyhole nebula. In particular their mass estimates from 12 CO(2-1) observations, which are 17, 11 and 4 M . However, unlike the other clumps, clumps 1, 2 and 3 show no bright Hα emission rims or PDR emission (absence of H 2 2.12 µm emission Brooks et al. 2000 and PAH 3.3 µm Rathborne et al. 2002) .
No 1.2-mm emission from the three molecular clumps of the dark keyhole stucture was detected in our SIMBA data, which suggests that their temperatures are considerably smaller than the average temperature of the other clumps. For instance, for a clump of 10 M and T d = 10 K, we expect a flux density at 1.2 mm of 0.033 Jy, equivalent to the 2σ observed detection limit. The absence of 1.2-mm emission supports the hypothesis (e.g., Brooks et al. 2000) that the dark keyhole structure is comprised of cool (T d < 15 K) foreground molecular clumps at the outskirts of the H II region.
It is possible that the three dark keyhole clumps provide a snapshot of an earlier phase of the bright-rimmed molecular globules in the nebula -before they were pressure confined and were being externally photoevaporated by harsh UV radiation. This is supported by the fact that the keyhole clumps are bigger, more massive, dark and more diffuse than the other clumps. Because of their proximity to the massive stellar members of Tr 16, the bright-rimmed globules are being photoevaporated, while for some reason the dark keyhole clumps are shielded. Interestingly, of all the bright-rimmed globules listed in Table 1 , clumps A1 and A2 are bigger, more distorted looking, and more massive. Moreover, they are projected in almost the same place as the dark keyhole structure. We speculate that clumps A1 and A2 are younger, or at least less evolved, versions of the other bright-rimmed clumps and are in a earlier stage of being evaporated.
Summary
The SIMBA 1.2-mm continuum data presented here highlight the complex nature of the Keyhole nebula and demonstrate the tremendous impact the nearby massive stars have had on the shaping the region.
We have detected 1.2-mm emission arising from free-free emission towards the bright ionized gas filaments known as the Car II radio continuum source as well as emission from η Car. Numerous compact 1.2-mm emission sources have also been identified, and which overlap with previously known bright-rimmed molecular globules. For these globules the 1.2-mm emission primarily arises from dust at T d ≈ 45 K. No 1.2-mm emission was detected from the three clumps of the dark keyhole structure, limiting their dust temperatures to
The bright-rimmed molecular globules and the dark keyhole clumps are all that remain of the Carina GMC in the vicinity of the Keyhole nebula. They have been swept up from molecular gas by the stellar winds from η Car and are now being overrun to different degrees by ionization fronts. Perhaps the advancing ionization fronts will trigger radiation-driven implosion and the molecular globules will become the sites of a new generation of star formation. There is building evidence to suggest that such triggered star formation is taking place elsewhere in the Carina nebula (e.g., Smith et al. 2004a; Rathborne et al. 2004; Smith et al. 2000) . In a future paper we will present SIMBA 1.2-mm data covering the entire Carina nebula. These data have the potential to reveal emission peaks arising from embedded protostars and provide a census of a second generation of stars that have formed in a highly perturbed environment.
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We thank the SEST staff for their support with the observations. KJB and GG gratefully acknowledge support from the Chilean Centro de Astrofísica FONDAP No. 15010003. (Morris et al. 1999 ) is shown by a thick line. The vertical bars show the range of flux densities measured at 1.2 mm and 7 mm (this work; Abraham & Damineli 1999; Abraham et al. 2005 ), 1.3 mm and 2.7 mm Cox 1997 ) and 3 cm (White 2004) . Note the 1.3-mm and 2.7-mm data correspond to the 1992.5 − 1998 cycle only. A model has been fit to the data that passes through our 2001/2002 1.2-mm SIMBA flux density range and the average 3-cm flux density during the same epoch (represented by a point). The model is comprised of emission contributions from thermal dust from the Homunculus (dashed lines representing the 140 K, 200 K and 400 K components), ionized circumstellar gas (dot-dashed line) plus the ionized stellar wind (dashed lines representing optically thin, ν 0.6 , and thick, ν 1.3 , components).
Fig. 5.-Radio continuum spectrum of Car II (total) using data at 0.843 GHz (Whiteoak 1994), 4.8 GHz (Brooks et al. 2001 ) and 250 GHz (this work). The dotted line corresponds to the best fit to the data using a theoretical model of a homogeneous region of ionized gas, T e = 6 × 10 3 K. Values for the fitted parameters are source size, θ = 192 and emission measure, EM = 2.1 × 10 5 pc cm −6 . b Mass estimates have all been obtained from 12 CO(2-1) data Rathborne et al. 2002) except for clump 6 which relied on absorption of the He I λ10830 line (Smith 2002) .
